Background: Despite the common nature of orthopaedic injuries in equestrian sports, there is no published review to specifically characterize orthopaedic injuries in equestrian athletes.
Equestrian events form a popular international sport. The Centers for Disease Control and Prevention has estimated that approximately 30 million people ride horses annually in the United States (US). 19 Of American riders, an estimated 2 million are younger than 19 years. 15 While popular, equestrian disciplines have been found to be some of the most dangerous. Carmichael et al 7 reported an injury rate of 1 for every 350 to 1000 hours spent riding. Further studies have indicated that though the sport has been found to have a lower injury rate than several other popular sports, it demonstrates a higher risk of severe injury compared with sports such as American football and automobile racing. 1, 19 The severity of these injuries is likely due to the potentially dangerous position of the rider on a horse. Falls from a height at a high rate of speed may lead to a variety of injuries, including spine injuries, upper and lower extremity fractures and dislocations, and joint injuries. Some of these injuries may require surgery. While many injuries like this occur in young adults, riding poses particular dangers to children; erratic equine behavior may harm a child who might be less able to control the horse. 9 In fact, several studies have demonstrated that trauma caused by horses can lead to severe injury, death, and long-term disability in pediatric patients. 9 Despite the dangers posed by this sport and its widespread popularity, literature on injury patterns in equestrian sports or activities to date remains sparse, and only a single literature review has been published on equestrian injuries. 19 Furthermore, previous studies have indicated that orthopaedic injuries account for as high as 30% of equestrian injuries. 13, 19 However, only a single study has thus far focused on characterizing orthopaedic injury patterns. 24 The aim of this article is to review current literature to analyze equestrian injuries and to characterize patterns with respect to orthopaedic treatment. Demographic information will be analyzed to assess differences in patients' age, sex, country, and other relevant information. 33 
METHODS
A review of the literature was performed through a search of PubMed, EMBASE, and Scopus (January 1978-June 2014 in PubMed, 1978 -2014 in EMBASE, and 1978 -2014 in Scopus limited to life and health science subject areas), using the search terms ''(equine-related OR equestrian-related OR horse-related OR equestrian OR equestrians) AND (injury OR injuries)'' to identify all English-language studies detailing equestrian injury patterns. From the searches, 161 results were returned from PubMed, 176 from EMBASE, and 184 from Scopus, yielding a total of 209 unique results. Of the 209 results, 200 full-text copies were able to be retrieved and assessed for eligibility. Only those studies presenting data pertinent to equestrian sports and orthopaedic injuries were included. Studies reporting exclusively on cranial and facial injury were excluded (n ¼ 114). Furthermore, studies examining injury patterns outside the US and the United Kingdom (UK) were excluded (n ¼ 43). Poster session and conference abstracts were also excluded (n ¼ 4). Finally, all case studies and studies that focused on a single injury type (spine, podiatric, etc) without reporting on general injury patterns were excluded (n ¼ 10). The study conducted by Norwood et al 29 was excluded due to a lack of specificity regarding the cause of equine injuries being attributable to horses, mules, or donkeys. The study conducted by Thomas et al 32 was excluded because their data set overlapped with that of Loder, 24 whose study presented newer data. In all, 182 studies were excluded, and 27 studies were deemed eligible and were included in this review.
Several studies included in the review derived data from the National Electronic Injury Surveillance System (NEISS), which can be queried to provide national estimates based on cases seen in the emergency departments of 66 large national hospitals. 14, 24 While the NEISS data are only estimates of true injury information and may be biased toward more severe injury, previous studies have found the NEISS to accurately reflect injury information, as estimates were shown to have an accuracy of 89% to 98%. 24 Included studies were then analyzed for demographic data and epidemiological data relating to orthopaedic injury, defined in this study as being all fractures or dislocations throughout the body excluding cranial and facial injury. Several of the studies included in the review did report cranial or facial fractures as a part of their data, though these were not considered orthopaedic injuries in our analysis. However, if a study did list head injury as the most common type of injury reported, it was noted.
Statistical Analysis
Orthopaedic injury incidence was tabulated for studies reporting in either the US or the UK. A distribution of orthopaedic injury incidence on the body was tabulated for both countries. A 2-sample z test of means was then calculated for each body region.
RESULTS
In the 19 studies reviewed presenting injury data from the US, 17 did not explicitly state the sporting disciplines associated with the injuries reported. Press et al 30 focused on injuries in professional horse-racing jockeys, while Bernhang and Winslett 3 presented injury data from the American Horse Shows Association, which governs equestrian sporting events in all disciplines. Injuries sustained in rodeos were excluded from their analysis. 3 The majority of patients in the US were female (64.5%), and a large portion of patients reviewed were children (Table 1) . Only a minority of riders were professionals. The leading cause of injury in the US was falling from a horse, while being kicked by a horse was frequently reported as being the second-leading cause ( (Table 3) . Fractures in the UK were found to account for 17.4% of all equestrian injuries reported, a significantly smaller proportion than the 33.6% reported in the US (P < .0001) ( Table 4) .
DISCUSSION
Equestrian events are considered some of the most dangerous, as riding carries the highest risk of mortality among all sports and the risk for major injury is higher than that of motorcycle riding. 1 According to Jagodzinski and DeMuri, 1 18.7 injuries secondary to equestrian activities are reported for every 100,000 people. Orthopaedic injuries constitute a large portion of these riding injuries as well, accounting for more than 70%, according to Loder. 24 Despite these risks, epidemiological studies of injury patterns remain sparse, and reviews of equestrian injury literature are rare.
This review demonstrated that the majority of injuries occur in female riders. 19 Several studies have suggested that this tendency may be due to the greater proportion of female riders compared with males in the US, exceeding 85% in 1 study. 3, 19, 24 However, as the demographic information of several international studies suggests, this preponderance may not be applicable to other countries, or even to all equestrian sports domestically. 12, 22, 26 Additionally, Cuenca et al 13 reported a trend in their review of pediatric rider injuries that boys tended to sustain more severe injuries than girls, which may perhaps be related to a less frequent use of protective headgear.
Our review did not indicate a clear link between the experience level of the rider and risk of injury. Previous studies have reported that riders with less experience are at a higher risk for injury. 13, 19, 25, 28 However, Bixby-Hammett 4 reported in a study of pediatric equestrians that increased experience is linked to an increase in the number of accidents due to a greater degree of exposure to the sport. Additionally, Grossman et al 17 reported no correlation between rider experience and injury occurrence. Further work is needed to clarify this relationship.
Estimates of injury incidence rates vary widely, and no consensus has emerged in the literature. The most comprehensive estimate to date was performed by the Centers for Disease Control and Prevention on data from 1988 to 1989, which estimated 18.7 injuries per 100,000 riding incidences. 20 The lowest estimates of injury incidence were provided by equestrian organizations, with the United States Pony Club reporting 1 accident for every 158,607 hours of all the activities conducted by the organization 16 and the North American Horsemen's Association reporting only 0.15% of its riders suffering a significant injury per year. The highest injury rate was reported by Costa-Paz et al 12 Sprains, strains, contusions, and lacerations were disregarded; if any of the former were reported as the most common class of injury, the second most common class of injury has been noted here instead. 15.5% of all injuries (unspecified total) for the AHSA data set; 32% of all injuries for the USPC data set. for polo players, at 7.8 per 1000 game-hours. Complicating the portrait of injury incidence was that different studies used different metrics to quantify injury frequency, from hours of horse-related activity 25 to hours riding 1, 4, 7, 9 or number of rides. 2, 3, 33 Furthermore, no consistent definition of what constitutes an injury has been used in the literature.
Grossman et al 17 observed this variability in 1978 from the range of injury incidence estimates coming out of the UK and Scandinavia. 17 More recently, Havlik 19 attributed the wide range of injury estimates to differences in nationality, geography, specific equestrian activity, the local popularity of the sport, access to care, the likelihood of riders to seek out care for an injury, and study design and data acquisition methodology. Mayberry et al 25 indicated that differences between studies may also be attributable to estimation biases. Ultimately, this lack of consensus indicates a need for a more standardized and clearly defined approach to estimating injury incidence in equestrian sports.
All studies reviewed here indicated a fall from a horse to be the leading cause of injury. 1, 12, 22 Maintaining balance on a horse can often be a challenging task, and while most sporting horses are trained, they are still animals capable of erratic or violent behavior (such as bucking, spooking, or stopping abruptly), which may throw a rider from the saddle and result in severe injury. Proper footwear and riding position can help mitigate this risk, though it is an inherent danger in the sport that cannot be completely avoided.
In this review, fractures or orthopaedic injuries were the most common classes of injury reported in 7 of the 19 USbased studies. Of the injuries reported in this review, the mean number of injuries attributed to fractures in the US was 33.6%. 13, 24 Differences in injury rates between riders of different countries have been reported previously. 33 However, there were no national differences in the distribution of fractures across the body between the US and the UK (see Table 4 ). 10, 27, 31, 34 None of the articles reviewed specified the types of fractures that were encountered for their data series. Areas of incidence for the fractures were provided in 4 studies. 15, 17, 24, 30 While Ghosh et al 15 provided the most detailed account of the distribution of fractures occurring across the body in the patients examined, specific types of fractures were not described. To better characterize orthopaedic injury patterns in equestrian sports, further work will be needed to detail the specific types and frequencies of fractures observed.
Upper extremity fractures accounted for the majority of fractures at 50.7% in the US. This finding is consistent with the studies by Ghosh et al 15 and Loder, 24 which found the highest incidence of fractures in the upper extremity. The large prevalence of upper extremity fractures is likely due to impact with the outstretched arm after falling or being thrown from the saddle. 17, 19 The role of protective equipment in preventing injuries was not evaluated in this study. However, we did observe that the use of protective equipment varied widely, from 6% to 66.7% in the studies reviewed. Previous reports have focused on the role of headgear in preventing head and facial injury. However, it is difficult to tell whether there was a trend for increased usage of protective headgear over time and whether headgear usage decreased injury occurrence or severity. Chitnavis et al 10 reported a 5-fold decrease in hospital admissions, mostly due to a reduction of head injuries, which was hypothesized to be associated with an increased use of protective headgear. In 2002, Moss et al 27 reported a drop in both the incidence and severity of fractures to the skull and attributed this trend to the use of approved safety helmets while riding. Hughes et al 21 noted that the United States Pony Club has observed a significant decrease in head injuries since the adoption of required helmets in 1990. However, contrary to these 3 studies, Loder, 24 working with data cataloged in the NEISS database between 1991 and 2004, found no significant decrease in head injuries at the national level during this time period.
The reviewed data indicate that beyond head or facial trauma, fractures are an important class of injury in equestrian sports and would merit greater consideration as a factor in injury prevention and also in the advocacy for the development or implementation of additional protective equipment. In this review, 17 of 19 studies reported orthopaedic injuries-particularly extremity fractures-to be either the leading or second-most common class of injuries seen in equestrian sports. Yet, to the knowledge of the authors of this study, no current regulation exists for the mandatory implementation of safety equipment designed to protect against extremity fracture. Several authors in the past have advocated for the development of additional protective equipment, notably for the upper extremities, and have demonstrated the benefits of their use in other sports. 27 Moss et al 27 and Loder 24 have suggested the implementation of upper extremity protective equipment inspired by protective standards for rollerblading. Furthermore, a study conducted by Hasler et al 18 found that protective waistcoats in riding helped significantly reduce risk of injury. Additionally, in their epidemiological retrospective study, Whitlock et al 34 suggested that the lack of ankle injuries in their study may reflect the increased use of stronger riding boots. While this latter trend may be attributed to other factors such as differences in risk to the lower extremities due to fall patterns when compared with the upper body, protective equipment should still be evaluated for its potential benefits. Especially for areas of the body at high risk for fracture, such as the shoulder, elbow, and wrist, protective equipment may prove beneficial in reducing injury occurrence. Thus, the effect of protective equipment may be an important facet of reducing riding injury and should be investigated further to elucidate the degree of protection offered by its use. This review has important limitations. More serious injuries such as fractures, dislocations, and head and neck injuries are more likely to be reported in the literature, and less serious soft tissue injuries may be underreported. Fractures, dislocations, and spine injuries are easily diagnosed and reported; however, soft tissue injuries may not be recognized or recorded.
Thus, orthopaedic injuries are likely underestimated in the literature, and they may be more prevalent in equestrian patients than this review suggests. Ultimately, this review is most limited by the scarcity of studies of equestrian-related injury over the past 40 years. However, this limitation also underscores the need for reviews such as this one to pool information across studies and derive valuable information on orthopaedic injuries in equestrian disciplines.
CONCLUSION
This current concepts review reports the incidence and patterns of orthopaedic injury occurring during equestrian events. Fractures account for 33.6% of all injuries reported in the US, with a majority of these fractures occurring in the upper extremities (50.7%). Most of the injuries occurred in female riders, and injuries were more common in inexperienced nonprofessional athletes. Patterns of injury did not vary between the US and the UK, though more fractures occurred in the US. The role of protective equipment was not reported in these studies; however, given the high incidence of orthopaedic injuries outside of the head and neck, we advocate for the use of protective equipment for the upper and lower limbs in addition to helmets.
